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FLIGHT AND WIND-TUNNEL TESTS OF AN XBM-1 DIVE BOMBER

By Philip Donely and Henry A. Pearson

SUMMARY

Results are given of pressure-distribution measure-
ments made in flight ovor the right wing cellule and the
right half of the horizontal tail surfaces of a dive-
bombing bfplane. Simultaneous measurements were also .
taken of the air speed, control-surface positions, control
forces, and normal accelerations during various abrupt ma-
neuvers in a vertical plane. These maneuvers consisted
of push-downs and pull-ups from level flight, dives and
dive yull-outs, and push-ups from inverted flight.

.- —.—-

In addition to the pressure measurements, flight
—. -t-

ests wore made to obtain (1) Wing-fabric deflections dur-
ing dives and (2) variation of the minimum drag coOffi-
tier.t with Reynolds Number. Supplementary tests wero also
mado in tho ful.1-sc.ale wind tunnel to obtain the &aracter-
istics of the airplane under various propoLler conditions
and with various tail settings. -.

The results indicate that: (1) By decreasing the
fabric deflection between pressure ribs, the span-load
distribution was considerably modified uear the centerc and
the -wing noment relations were changed; and (2) the mini-
mum drag was less for the idling propeller than for the
propeller locked in a vertical position. The value of

‘D was equal to K(Reynol.ds Number)-o.03 for a range
min

from 2,800,000 to 13,100,000.

INTRODUCTION

This report summarizes the results of various tests
of a Navy dive bom%er conducted. in 1933-34 by the N,A.C”.A*
at Langley Field, Va. These tests were made in accorda-
nce wit’h requests from the Bureau of Aeronautics, Navy
Department. —

.
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The primary objects were to obtain data on the :-ing
load distribution, the structural deformations of t:’,fi
wing, the stresses in several wing mem%ers, and th<---.ail
loads in the maneuvers for vhich the airplane was de-
signed. These data were then to be used by the Navy as a
check on the structural-design requirements that had been
established for this type Of airplane. A secondary ob-
ject was to determine the effect of the structural defor-
mations on the load distribution by comparing the results
from the critical maneuvers with results obtained at the
same conditions of angle of attack lut at such low air
speeds that the loads afid corresponding deformations would
be “negligible. .

.

l?or a number of reasons these objectives Were only
partly attained. It was found. tihtitthe bad vibration
characteristics of the airplane, together with the rela-
tively rigid wing structure, .precLuded obtaining suffi-
ciently accurate wing-deflection Measurements in Elight--
to bc of significance. Such def-l&ction measurements wore
taken with a co,merzihaving multiple telephoto lenses.
For the stress measurements, it was originally i.nt-end-od
to use commercial magnetic-drivd strain gages; these gages
proved unsatisfactory, however, because of dri~ing diffi-
culties encountered as a result of. tho vibration. .

●

Excqpt for the, failure to obtain the wing deforma-
tions and sPar -stress measurements, the objectives were
attained. In addition to the pres~ure-distri.bution tests
over wing and tail surfaces, a number of supplementary
tests wero made to obtain more information concerning in-’
t’ere~ti.ng phenomena observed during the main test program.

APPARATUS

Jil..JyQ&IJQ.- The airplane used in t-his invest-igation
was a Martiq XBM-1 airplane (fig~ 1) modified at the fac-
tory from the regular service type (i3M-1) as required 3%
these tests. The essential characteristics of the air-
plane were not changed by the modifications, which COzl-

.—

sisted mainly of the permanent installation of specfal
pressure ribs and pressure tribes, ds well as the installa.-

.

tion, in the fuselage, of instrument” mounts that replaced
the right fuel tank ,and sorvico eqqipment in the rear
cockpit. The dimensions ‘of-the XBM-1 pertinent- to..this..

0-
-.

report are given in talle 1.

I
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The wing incidence may be taken as 0° over the great-
er portion of the span, as shown by measurements made from
tine to tine during the tests. For the portion near the
tip where rounding occurred, there was a“g~adual washout
increasing f~on 0° to about 3° at the extreme tip. This
twist resulted from the fairing of the tip sections dur”ing
construction.

Instruments.- The folloming standard N.A.C.A. photo-
graphically recording instruments mere used during the
tests: —

(a) One type 60 and two type 30 multiple recording
manometers.

(b) Accelerometer.

(c) Air-speed recorder.

(d) Control-force recordar.

(e) Control-position recorder.

(f) Synchronizing timer.

(g) Inclinometer.

In addition to the foregoing instruments, a camera with
multiple telephoto Ien’ses and several magnetic-drive
strain gages were used during some of the tests. The cam-
era may %e seen in figure l“moun$ed in the rear cockpit
with its lenses trained On source lights Ori the lower sur-
face of the upyer wing. AS -previously mentioned, homev-er,
the vibration and structural charadteristi.cs of this air-
plane prevented the o%taining of satisfactory records
with the camera and the strain gages.

A pitot head, mounted on a boom about one chor?. length
forward of the leafiing edge of the upper wing (see fig. 1)
in order to reduce any iriterfer~nce error, was USOd tO
measure the air speed; it was calibrated in level- flight. .

Eress ure ribs, tu%ing, and ~rifice~.- The original in-
stallation of pressure ribs, tubing, and orifices i% both
wing aqd tail surfaces ~as made at the ‘Martin factory in
accordance with previous N.A.C.A. practice (reference ~).
The orifice ~locks for the’~ing pra.ssur~ ribs were connect-
e~ to the manometers by aluminum tu%os and were secure~ to
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rigid ribs at the locations shown in figure 2, Orifices
at corresponding stations on the upper and lowor surface~
of tl}o wtIIg wero connected to opposite sides of the same
yressure CO1l. to givo the resultant pressure at that sta-
tion. Table II gives the location of theso stations along
thQ rib chords. Rub%er tu%es worb used as connoctiions. be-
twoon fixed and movable surfaces. Th@ orifices in the cor-
rugated-skin stabjlizor were located so that- the orifico
openings vero ‘even “with the ,crosts of t-he corrugations and
the wholo surface was then covcrod with fabric. Tho smooth
surfaco was providod to prevent local effects of the cor-
rugations on tho pressure measurofionts.

In the first installation, the wing.fa%ric was se-
cured to the pressure ribs only by t-he clamping action
of the orifice caps. During preliminary dives, it was
found that the fabric pulled loose at several of tihe ori-
ficos because of “the magnitude of+.the pressures at such
locations in combi.na,t-ionwith the .relati.vcly large wing-
rib spacing. The original installation was then altered
by enclosing each pressure rib in a tightly fitting fab-
ric envelopo to which the outer fabric was sewed along the
entire rlb length. With this installation, no pUlling of
the wing fabric could occur at the” orifices and the true
wing profiles were maintained at t“ho pressure ribs.

I’lon,ting orifices.- Even though the profiles were
maintained at the ~r~ssur~ ri%s by the method employod,
further .tosts indicated that the distributions measured at
these se”ctions might be c~nsj.derably different from those
occurring at unsupported sections. Accordingly, a single
row of orifice blocks (rib G, fig. .2) was fastened direc’t-
ly to the fabric midway between two adjacent wing ribs On
the lower ving.

,

,

——

,..

.

s

.—

~i3.h.Kk=@f~~CtiOn_L@CQ rder~.- .During some of the dives,
tho fabric deflection was ne.asured at several spanwise sta-
tions by recording the travel of small wire pointers .d-
te,chcd to the fabric inside the wing. The wires wero re-
strained by guides to mov~ vertica~l.y and made scratch
records on smoked-glass nlates attached to the wing spars.

METHOD. ANI) T3STS

&-

EM~axx_&u.iisiq - Beco,use of’ the experimental na-
ture of the airplane and because of- the severity of the
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maneuvers to which it was ultimately to “be subjected, sev-
eral preliminary. dives were first made to check the struc-
tural strength. These tests consisted of a series of
dives gradually approaching terminal velocity and a 5g
pu~l-out. These “preliminary tests, as mentioned previous-
ly, showe~ the need for ~tering the methot of fa%ric at-
tachment and indicated that tho fabric-deflect-ion measure- .._

ments and pressures over a floating rib would be of in-
“terest. ..._

‘ifingmressu re-distribution measurements in flight.: -
The flight tests consisted mainly of m;asuring the result-

—

ant pressure distribution over the right wing ce~lule afld .
slipstream area during various maneuvers in a vertical
plane. The maneuver8 Consigted- of terminal-velocity di.vcs,
dive pull-outs, push-downs.and pull-ups from level flight,
and push-ups from inverted level flight. Thus the lift
range was covered, from maximum positive to maximum nag~tive
~ifi coefficients for the symmetrical-flight condition.
Except for the dives and dive pull-outs, in nhich the en-
gine was fully throttlod, the flights wore made with powor
on. ,In addition to the pressure distribution, simultane-
ous measurements were taken of the air speed, accelera- —

tion, control force, and control positions.

pressure-distribution results from floating ri% G,
together with fabric-deflection measurements, indicated.
that the span loading ~otild undoubtedly be wawelik-e, tiith
the crests occurring at stations l)etween ribs and the
troughs at the wing and pressure ribs. The conditions oh-
taine& in flight on ri% G were simulated %y loading a
portion of fabric. It -ivasfound that, although the fabric
could sustain the required loads when rela”-~~%ely new, it
might not do so after weathering. This fact was calle~
to the attention of the Bure.Zu of $ieronau%ics, Navy Depart-
ment , with the result that the num%er of profile ribs on
all airplanes of’ this type were doubled. This cha”nge ‘iva”s
a~SO made on the present airplane without disturbing any’
of the previous pressure r“ibs except rib D, which was
moved over to position D! away from the proximity of the
interplane struts (fig. 2); floating rft G was elimi-
nated. Some of the previous tests were then repeated. In
order to distinguish the data ~n”this re~ort, the results
obtained before doubling the number of profile ribs are
designated as those for ‘Ioriginal’r rib syaciag as contrast-

“ed with. those obtained later with the “modified” rib spac-
ing. —

.
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.

Pressure d~~~ibution over .$he tail .in flig~.- The.—
load distribution over the right ,half of..the horizontal
tail surfaces was inoasured in a few dive pull-outs and a%-
rupt pull-ups from level flight. During these tests, si-
multaneous measurements were also taken of the control
f-orce, control position, air speed, and normal accelera-
tions, The tests of the tail sunface were made upon con-
pleti~n of the flight tests with the modified wing. Thg
tubing from the orifices in the $ail was faired around tho
monocoque fuselage and brought to the manometers, which
mere located in the rear cockpit. A portion oflthe in-
stallation may be seen in figure 1.

.- -

~ind.=-tunugl test-S.- Upon the completion of the flight
tests with the original rib spacing, the airplane was
mounted in the full-scale wind tunnel and both force and
pressure-distribution measurements were made. In the force

—

tests, the lift and drag variation with the propeller re-
moved was measured first with the horizontal tail surfaces
removed and then with the sur~ce$ in place for various

.

elevatu-r angles. Force tests were also made with tail
surfaces in place for the caso when the propoller ‘ivo,s k
locked in a vertical position and also when the engine was
operating with the throttle closed, Several additional
flight tests were su%sequentl.y made for the purposo of ex-
tending the range of variation of

cDmin
with Reynolds

Number when the pro~eller was locked. and also when it was
tdlhg.

The pressure distribution of the wing was also meas-
ured in the wind tunnel when the propeller was.locked and
when the propeller was idling, with the horizontal tail
surfaces in place. These pressure measurements were taken
with the flight pressure-distribution installation that
was already in tho airplane.

~res sure measur eme~~.- An appraisal of the precision
of the wing forces measured by the instruments and the
methods used in these tests is complicated by the wide
range covered and %y the impracticability of maintaining
the optimum relation betw~en instrument- adjustment ‘and
test conditions. Although tho error in the individual
pressure is influenced by tho sensitivity of the pressure
cell and thQ location ‘of;the orifice, the absolute error

.

.-
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tends to. remain constant, with the result that the reza,-..
tive error is small near the maxfmum instrument deflec-
tion. The estimated maximum absolute error in the indi~
vidual pressure is no more than 3 pounds per squaro foot
for the high-range cells, wh,ich, in general, were co-nnect-
ed to orifices near the leading edges of the wing and the
tail surfaces. This absolute error was. ~%out 1 pound per
square foot for the low-range cells, which were generally
used to record pressures near the trailing edges. The in-
dividual pressure records obtained for points located away
from any d.ieturbing area were generally smoother and more
accurate than those near struts or in the slipstream.

Aside from errors in the individual pressures, errors
due to fai,rfng the rib pressure-distributio”n curves are of
impor~ance. The absolute error due to fairing, for a given

. shape of rib pressure-distribut ion curve, tends to >e con-”
stant. There is, howover, a tendency for the error to vary
with the shape of the rib pressure curves and this error
is least in the high-angle-of-attack condition. When these
possibilities are taken into consid~ration, it is estimat-
ed that tho load at any station along tho span is accurate
to within 10 pounds. The estimated error in total .uing
load or tail load is less than 100 pounds.

Qthor m~~urement~.--—— The in~icated air-speed measure-
ments in steady conditions are believed to %e accurate to
within 1-1/2 miles per hour, as shown by several. flights
over a measured course.. In accelerated maneuvers, such as
in pull~ups, the error may be somewhat greater owing to
the fac’d that the air-speed head is traveling at a differ-
ent rate of speed from the ~in~s.

Control-surface displacements, as given >y the con-
trol-position recorder, are accurate to within 1/2° and 2°
for the stabilizer and elevator, respectively, and the con-
trol forces are correct to within 3 po~ds. Normal accel-
erations are believed to be accurate to within O+2g and
longitudinal accelerations to wi%hin O.lg.

RESULTS AND DISCUSSION

Wine Dress ure dist~~uticjn.- Typical time histories
of the. results obtained during the fiighk tests are given
in figures 3 to 13. Yiqures 3 to “6 are typical time his-
tories of the variation’”of the over-all quaritities” during
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dives and dive pull- outi, push- dbwns and pull-ups from
level flight, and push-ups from ~nverted flight. owing to
the fact that the total win~ loads are olitained hy a rel-
atively indirect process that involves much labor, they
are generally given through & co~sidera%ly shorter inter-
v,al of time than the other records. Differences in the
shape of’ the various time-history curves for the same type
of maneuver are caused principally by differences in pi-
loting technique, although modifying the rib spacing did
effect a change in both. the cellule moment~elations and
in tihe downtpash at the tail. Thase changes appeared in
the different stabilizer angles required for trimming the
airplane, in the control force, and in the manner in
which a dive pull-otit wa& made with the modified wings.

Figures”7 to 13 show th-e variation of span loading
corresponding to some of the runs given in figures 3 to 60
The span load curves, while showigga consistent trend
within a given run, donot comparo so well hetmecn the
differ”cnt runs. Sinco larger discrepancies may”be prosen%
in any particular set of curves, real differences %etween
the original and modifiedwing load distribution are dif=
ficult to detect from these figures .a.nd a method of avor-
.a,ging,must be.used. A,vor.age relations were obtained over
each section by plotting the values of section normal-
force coefficient against wing na~mal-fmrco coefficients
as given by

rrhero Cn is the section normal-force coefficient.

(.hJ, wing normal-force coefficient.

qt dynamic pressure, pounds per square foot.

c, section .chora, feet.
\

t, section load, pounds per foot of span.

s, wing ~rea,’ 9quaro &it. (measured to center
line for upper wing, :to wing root for lower
wing).

Lb intograt@ load acting on &ing areas.

.
Figure .14 shows” such a plot f~r section K- and also

.

-—...

.
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.

indicates the num%er of points used to establish each sec~
tion curve. Each point WaS labeled for the type of man6u- ..-.

ver in vhich it was obtained, so that any effect of wing
.

distortion on the load distribution would be indicated by
the tendency ~f poiats representing a given maneuver to be
consistently either high or low with r~”spect to those for
steady flight. An examination of all tho section Cn -

wing Cii relations, similar to-tlios~ given in figure 14,
failed to show nny such consi.stont tre~d in tho sectfori
load curves, which inferred that for this airplme the -
cellule distortion was proba%ly slight. The avcragetl
curves of the variation of section Cn with wing CN aro

shown in figures 15 and 16 for the original anti modified
~7ings , respectively. When these figures tiore plotted, tho
results for each rib were offsot from those for aajacetit
ribs. The results given in figures 15 ana 16 show that

.—_

the main difference in ibe span “loading %etween the orig- ‘
inal anti modified Ivings (see fig. 1’7) occurs at the ceti-
ter section of the upper wing. This difference is a re-
sult of the greater ballooning of the fa%r$c between ribs

.-.— -.

on the original wing, which essentially causes ah “tncrease
in the camber, there%y increasing the lift. The effect of
this change in camber is t~ansferred through “inaucti.on to
an increase in loaii at the pressure ribs.

A method similar to that used to establish the sec-
tion cn - Wing CN relations was employed to ottain the
average relations for the section pitching moment. The se
relations are given in figures 18 and 19 for the original
and modifies wings, respectively. The ordinates for these
figures are the section pitching-roomen% coefficients about
the wing leading edge (considering normal forces only)
computed from the relation .

MLE .....
cm=— .-

qca

where *LE is the moment of the load tiiagram in pound-fee%

per foot. The slopes of these lines indicate the position
of the aerodynamic center of the individual sections, and
the intercept at zero section Cn gives the constant no- --

-merit (cmo) about this center. The variation of-the s@c-

tion pitching-moment coefficients and aerodynamic centers
along the span is given in figure 20 where it can be seed
that the effect of doulling the aumbcr of pro-file ribs ‘ivag
to reduce the pitching-momont coefficient as w-en as to

.- .- -.
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cause the section aerodynamic centers to move forward.
Thes,o differences in the moment relations between the two
wings aro a further result of the difference in fabric
deflection of the two wings. ‘

,

. .

I’abric-=defloction meanurcmadts taken with the ori&-
nal wing during terminal-velocity dives indicated that the
fabrtc bulged out about 1 inch at sections near the cen-
ters of the wing semispans, while at the center section
of tile upper wing the maximum bulge was more than 1-1/2
inches, which represented the maximum the gages could re-
cord. 3’i:~re 21 shows to scale the envelope of- the fab-
ric deflections neasured near the floating rib G during
a mild pull-out from a terminal-velocity dive. At low
lift coefficients the measured bulge at the nose is par-
ticularly interesting since it me.y have had a considorablo
effect on the value of tho wing ‘CD . If fabric d~flec-

rnin
tions had locn measured at large ~oads for a high-angla-

-+

of attack condition, the defloctign envelope might also
have Indicated an outward bulge oh the upper surface of

,..

t-ho leading edge,
●

The effect of. the falric lift on tho section charac-
teristics, such as Cn and cm * Is shown in figure 22,

whcro the resti~ts for floating rib G, arc compared with
thoso for the adjacent fixed prcs~urc rib K. Theso com-
parisons covor only a limited range, since tho pressure
distribution- over rib G was moa$ured for relatively few
dives .ond dive pull-outs. Since the normal accelerations
woro hold below 5g, th~ limiting Talue, tho maximum wing
normal-force coefficients noasured in the dive pull-outs
were never more than 0.3.

.-
Other over-all quant~ties obtained from the wing

pressure=di stributi on tests are shown in figures 23 to 25.
Figure 23 shows a comparison of the measured relative lift
distributions for the original and modifiod wings with the
relative distribution computed by ‘using the method of ref=
erence 2. The values of the experimental points have been
determined from the relations.
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where ~ and LL are the integrated loads for upper and

l’ower wings, pounds.
— .

Su and ~, the upper and lower wing areas, square

feet. Lower wing area does “no% include” the
part intercepted by the fuselage. ‘

It can be seen that the results oltained by the method of
reference 2 are in good agreement with experimental re-
sults. .,..- .—

The relation of the wing pitching-moment coefficient
to the wing normal-force coefficient is given in figtie 24;
figure 25 shows the variation of lateral centers of pres-
sure for the wings. As 170uld be expected from the previ-
ous rib-pressure results, the pitching-moment coefficients
at zero lift for the wing are siigbtly greater tiith the
original ‘rib spacing. The pitchiag-moment ~oef-f’’cients
for the lower vings appear to %e slightly larger than
those for the uyper wings, whioh ‘is a comhon trait eXhi~-
ited hy biplane arrangements with conventional amounts of
positive stagge-r.

.=
The lateral centers of pressure (fig. 25) show only” ““““

minor changes when a comparison is made between the ori-gi-
nal and modified wings. For both the urmer and lower wtngs,
the center of pressure remains inboard ~~ the 50-pe5cent
point over the larger part of the lift range.

.- ..-.
Full-i tale-tunnel tes ts.- Although the average pres-

sure-distribution measurements ohtaine-t in the tunnel
agreed fai~ly well with those oltained in steady flight,
the scatter of points determining the individual section
Cn - wing CN curves was greater. This inc-reased.“Et”atter

was due in part tci the slight changes ‘in flow angularity
with tunnel speed and in part t“o t“he fact that the f-li-g%t
instruments were not sufficiently sensitive for operation
at the low air speeds used during part uf the wind-tunnel
tests. The tunnel speeds ranged. from appro”ximatoly” 50 to
110 miles per hour, the higher speeds being used ‘at the
low angles of attack.

Typical results from the wind-tunnel force tests are
..

shown in figures 26 and 27. Figure 26 gives the variation
of airplane lift and drag coefficients with angle-–of a-ttack
for the propeller removed. The various curves show the ef-

.

feCt of the presence Cf the horizofital tail surfaces z&d of
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the elevator “deflection with zero stabilizer angle. The
coefficient.s are based on an eff~ctive wing area of 429
square feet, which includes the tiing area intercepted by
the fuselage. The effect of the’propeller on the force-
test characteristics was indicat@ principally in the
value of the airplane minifiiumdrag coefficient. This va-
riation is -summarized in figure 27 and tafile III for a
ranfle of Reynolds Number from 2.8 x 106 to 13.1 x 106
with various propeller conditions. Several flight-test
point= o%tained from terminal-velocity dives are Included.
Yor tho locked-propeller dive, the atrplane was fitted
with a %rako that held the propeller in a vertical posi-
tion.

+

.

It can be seen from figuro 27 that for this airplane
the yropoller (operating at negat,ive thrust) has less drag
when idling than when locked in a virtical position. This
result is for a fixed blade angle of 15.4° at 0.75 R.
Figure 2’7 also indicates that the proyeller drag is WY-
where from 10 to 16 percent of the tot”al airplane drag at

.

the low lift cocfficient~ encountered in the dive and that,
for tho range tested, the variation of cm with

min &

Reynolds Num%or occurs according to CD = ~ ~.o.03.
min

This relationship, of course, applies only to the range
tested and iS applicable only to this particular typo of
e.irpl.mo.

Taj,l-sur&~e n~~ro aistiutioll .- Results of the—.
pressure-di.strib~~on tests on the tail are shown in fig-
ures 28 ‘co 31. I?igure 28 shows typical time histories of
the quantities measured in a%rupt.pull-ups from level
flight and figure .29 sho~,~stypical time histories of dive
pull-’outs. For tho pull-=ups (fig, 28), the measured nor-
mal acceleration varies directly \Tith initial air speed in
spite at z tendency for the olova$or deflection to bo loss
at the higher speeds. In practically all of thq pull-up
tests, tho pilot exerted a maximum increment of force of
about 120 pounds i}p”l~ie~ in a,per$od of about 0.2 second.
For the vertical dives, it can be seen that the pilot geii-
erally made the pull-oti (fig. 29). by simply relieving the
push on the stick, rather than by exerting a definite pull
on the stick as was done in the ~uLl~_-_ups. In the present
case, the necessary increase ii t~e airplane pitching mo-
ment required .to cause the pull-out is brought .a.bout by a
change in the tail rib-load distribution, as the total
down tail load is actuall;r decreas~ed in order to pull OUt
of the dive. This fact is indicated clearly in the lower
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curves of figure 29, where the history of the variation of
tail load and of the tail pitching-moment coefficient for
the right half of the horizontal tail surfaces is shown.

.——_._ —..
The differences bet~.Teen the chord-load. distiibutian

in an a%rupt pull-up from level flight and for the dive
pull-out may be seen by comparing the rib-load curves of
figure 30. These curves correspond to runs.prev~ously
shon-n in figures 29 and 2S. Although the maximum fail
loads of. figure 30 are of the same order of magnitude (555
pounds for the pull-out, 510 pounds for the pull-up), the
section distributions indicate clearly that two distribut-
ions must he used in the design of the horizontal tail
surfaces.

.
The load distribution across the span varied. with the

type of maneuver, as may be seen from figure 31, which
gives the spanwise-load distributions correspondin~ to the
maximum loads indicated by the runs gfven in figures 28
and 29. The difference in the Shames of the span-load
carves (fig. 31) is nrobahly due either to a change. in thk
shmpe of the downwas~ distribution from tho wing or to the
diffcront thrust conditions cncownt~red in the dive pull-
outs and pull-ups from level flight.

CONCLUDING REWARXS ..

The effect of the greater fabric deflection of the
rings with the wide profile zib spac~ng-tine.sto incr”ease
the section pitching moments along the spe.~ nn& t~ move
the section aerodynamic centers rearrard. For airplanes
with fabric-covered wings thnt are required. to operate at
high spoods, it is necessary from both aerodynamic and
structural considerations t’oprevent exces~ivo fabric de-
flection.

The method of referOnc~ 2 for computing. the division
of the lift between wings gavo good agreement with the 6ZC-
perimontal rQsults except near zero lift.”

In the pull-ups from level flight, the necessary in-
crements in pitching moaent were supplied by an increase
in the down tail load; ~::herea~, in the dive pull-oui-, t-e
increase in moment was produced by a change in distribu-
tion with the down load on the tail actually decreasing.
This result indicates clearly the necessity Of desig~~n~

—
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—-.
the tail on this type “of air~lane for differ~”nt rib-load
distributions.

.

Drag measurements showed that the idling propeller
ga.vo less drag than the propelloy locked in a. vertical
position and that the propollor drag amounts to from 10
to 16 porcent~-f the total drag in tho dive. The minimum
dra~ coefficient of this airplana with tho prop?llcr eit-
her locked or idling is equal tq K R-0*03 for a range
of Reynolds Numbers from 2,800,0Q0 to,13,LO0,000.

Lnngloy Ifemorial A.oronautical La%.oratory,
National Advisory Committee for Aeronautics,

Langley Field, Tn., January 17, L933.
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TABLE I

CHJ~ACTERISTICS OF T~ x3M.1 AIRpLA~$-g

Engine, P. &W. R1s9c)-C - - - - - - - - - 575 hp. nt.
2,100 r.p.m, at
7,500 ft.

Propeller:

Diameter- - – -,- - - - – - - _ - _ _ loft.

Elad.e ~gle at 0.’75 R - - - - - - - - 15.4° .._

Weight during flight tests - - - - - . - 5,800 1P.

High speed at 6,000 feet - - - - - - - - - 131 m.y.h.

Stalling speed. - - - - .. - - - - __,_ _ 59 K1.p.>.

Areas :

Upper -ii-ing(including ailerons) - - - - 231 ‘sq. ft~—.-

Lower wing (including ailerons) - - - 181 Sq. ft.———

TOTAL - -,- _ - - _ - 412 Sq. ‘ft.

stabilizer (both halves) - - - - - - 29.3 sq. ft.

E>evator (both halves) - - - - - . - - 27.4 Sq. ft.——

TOTAL - - - - - - - 56.7 Sq. ft.

Lengths:

Span upper wing - - - - - - - - - - - – 41~0 ft.

Span Zowerwing - -- - - - – - _ - _ _ 40.0 ft.

Chord upper wing - - - - - - - - - - - 74 inq

Chord lower wing - - - - - - - - - – - 65 in.

--
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TABLE I - (Cont. )

., .

Lengths (cont.):

Center-of-gravity location for wing
tests (lack of leading edge .of lower
wing) - - - - - - - --- - -,- - - - -,-

Cdntor-of-gravity location for tail
tests (back of leading edge of lower
wing ) -----------------

Ccllulo characteristics:

Airfoil section --- - - --:------

Dihddral, upper wing - - - - = - - - - -

Dihedral, lowerwing ----------

SweeT3ack, ‘upper

S~roepback, lower

G~p (~verago) -

wing - - - i- -- - -

wing - - - -:- - - _ - -

___ --- ___ ---- -

/

*

.

..-:

.-
9.6 in.

.-
9*2”in.

N-22

1.OO

*
0°

7,2° .=

00 ‘
.-

6.25 ft.
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TABLE II

ORIFICE LOCATIONS
“A

T
1.1

1.0

1.1

1.1

1.1

1.2

1.5

2.5
.

1.1

1.0

1.1

1.0

1.1

1.1

1.2

1.?

2.5

2.2

2.1

2.0

0

Y
2.1

2.0

2.0

2.1

2.1

2.1

3.1

3.7

2.1

2.1

2,1

2.0

2.1

3.1

3.1

2.7

4,6

3.7

3.7

3.5

Lfice 1(

3 4

3.5 7.0

3.5 7.0

3.5 7.0

3.5 7.0

3.5 7.0

3.6 7.1

5.0 13.0

5.2 $2.7

3.5 6.0

3.6 6.1

3.5 6.0

3.5 6.0

3.6 6.0

6.1 15.1

6.2 15.1

4.7 7.7

8.4 18.4

6.1 11.3

1.2.2 20.3

6.0 ,11.5

cat:

5

13*O

12.9

13.0

13.0

13.0

13.1

33.0

14.7

13.0

13.0

13.0

13.0

13.0

33.1

27.6

11.1

29.7

22.4

24.2

15.e

6

26.0

22.9

22.9

26.0

26.0

25.0

54.0

24.7

24.0

24.0

24.1

24.0

24.0

48.0

f47.1

19.1

40.6

28.3

29.5

23.8

T
78

41.9 62.0

34,9 48.0

34.9 48.0

42.0 @*l

I
42.0 62.1

40.0 55.1

60.4 67.4

35.7 43.7

312.o52.0

3E!.O51.9

38.1 52.1

3e.o 52.0

38.0 52.0

54.0 60.0

53.1 59.1

25.2 35.3

46.6 51.f

31.2 33.2

cl-r

9

61.3

59.2

38.9

. . .33814161497

29.8

14

61.2

●
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.

.

.

b

.——

CD
nin

—-—

0.0520

.0565

.0555

.0560

.0565

.0545

●0650

.0640”

.0620

.0615

.0610

—-——

TABLE 111

VARIATION OF CD WITH REYNOLDS NUMBER
min

~–

R

-!

Source

2~8x10°
I

F.S.T.

2,8 II

2,8 !1

I
2~8 n

2,8 11

5,05 II

Elevator
position
(deg. )

—

Tail off

o

5

10

15

.6

I2,8 , 1! I 9*65

5~05

13.1

4,89

11.75

—— —

II

Fllght

F. S.TO

Flight

—.

8.15

7*45

Propeller
condition

Removed

n

II

n

II

II
I

Locked

11

II

nD
T

= 0.979

QQ
Q

= 0.985

.

.
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and modified wings.

—

.—
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Figure Z3.– Relative liftdistribu~ion.
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